line 8-1 of the Stanford Synchrotron Radiation Laboratory (SSRL). Unless stated otherwise, all spectra are collected at normal emission angle. Ga 3d, In 4d, As 3d, and Al 2p spectra are fitted with spin-orbit splitting of 0.44 eV, 0.855 eV, 0.70 eV, and 0.41 eV, respectively, using the fitting program developed by A. Herrera-Gomez. 9 The As 3d, Ga 3d and In 4d spectra for an as-received InGaAs sample are shown as the bottom curves in figure 1(a) and (b). In figure 1 (b) , the Ga 3d and In 4d core levels are very close to each other so numerical fitting is needed to deconvolve the spectra. The peaks, which can not be easily detected by conventional X-ray photoelectron spectroscopy (XPS), are obvious at photon energy of 100 eV because of the enhanced surface sensitivity due to the short photoelectron escape depth at this energy (~ 4-6 Ǻ).
Therefore, annealing at 400 o C can not completely remove all the native oxide. Annealing at higher temperature is not tried to avoid the InP substrate decomposition.
The As 3d, Ga 3d and In 4d spectra for an InGaAs sample etched in 10% HCl solution for 2 minutes are shown as the bottom curves in figure 2(a) and (b). All the native oxides are removed by HCl treatment. Two components are needed to fit the As 3d spectrum. The component on the right is the As 3d of the InGaAs, while the one on the left, with a chemical shift of 0.6 eV from the bulk peak, is due to the elemental arsenic build-up on the surface. 8 The thickness of the elemental arsenic is normally 4 -10 Å, and strongly depends on the amount of initial native oxide. More native oxide before the cleaning generally leads to more elemental arsenic build-up, which is a natural result of the chemical reactions discussed later in this paper. After the sample is annealed at 200 o C for 30 minutes in vacuum, the elemental arsenic is completely removed, while no change is observed on Ga 3d and In 4d spectrum, as shown by the top curves of figure 2(a) and (b).
For the InAlAs sample, the As 3d and In 4d core levels behave almost exactly the same as the ones of the InGaAs sample. After the as-received sample is annealed at After the InAlAs sample is etched in 10% HCl solution, the aluminum oxide is greatly reduced, as shown in figure 3(c)(iii). A small oxide peak (<0.1 ML) still remains.
Elongation of the argon purging time in the glove bag and/or the etching time in HCl solution do not seem to be able to make the surface completely free of aluminum oxide.
This small amount of residue oxide is likely due to the re-oxidation of surface aluminum in the glove bag after the etching. Even if the ultra high purity argon (99.999%) used in the glove bag has only 1 ppb of oxygen, it still corresponds to about 1x10 -6 torr and consequently one Langmuir per second of oxygen dosage on the InAlAs surface. The surface arsenic layer, which can offer some protection for the GaAs and the InGaAs surfaces against oxidation, is less effective for cleaned InAlAs surface because aluminum is very active. On the other hand, it is probably not essential to pursue a totally oxide free
InAlAs surface for practical purposes because re-growth of aluminum oxide will almost certainly occur in the subsequent processes after the cleaning, due to the active nature of aluminum.
The annealing of HCl cleaned InAlAs sample in vacuum causes more aluminum oxide re-growth, as can be seen from figure 3(c)(iv) and (v), while indium and arsenic remain oxide free. Since the base pressure of the vacuum chamber is only 5x10 -11 torr, we believe that the major sources of the oxygen for this oxide growth are the physisorbed water on the cleaned surface and/or the out-gassing of the sample holder. Those oxygen sources, although not a concern for GaAs and InGaAs, pose a problem for InAlAs because aluminum is very easily oxidized. The amount of aluminum oxide after annealing is less than 1 ML, whether this oxide will cause a serious problem or not for InAlAs based devices is subject to further study. Previous work also demonstrates that InAs behaves in a similar manner. 10 We are tempted to extend this conclusion by speculating that, generally speaking, the reactions between cleaning acids and III-V semiconductors are mainly determined by the chemistry of group V elements. Of course, to what extent this speculation is true can only be substantiated by further cleaning experiments on various III-V semiconductor surfaces.
We also want to point out that the same chemical reactions do not necessarily lead to the same final cleanliness. The group III metals, although not active participants of the reactions in acid solutions, can significantly affect the final cleaning results, depending on how easy it is for them to re-oxidize and how stable their oxides are. This is well exemplified by the cleaning result of the InAlAs surface, where the active aluminum prevents the achievement of a complete oxide free surface.
Other acid solutions, such as 2% HCl, 2% HF, 10% HF, 5% H 
